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Thimerosal-Containing Vaccines and Autistic Spectrum Disorder: 

A Critical Review of Published Original Data 

Sarah K. Parker, MD*^; Benjamin Schwartz, MD:|:; James Todd, MD*; and Larry K. Pickering, MD:j; 



ABSTRACT. Objective. The issue of thimeiosal-con- 
taining vaccines as a possible cause of autistic spectrum 
disorders (ASD) and neurodevelopmental disorders 
(NDDs) has been a controversial topic since 1999. Al- 
though most practitioners are familiar with the contro- 
versy, many are not familiar with the type or quality of 
evidence in published articles that have addressed this 
issue. To assess the quality of evidence assessing a po- 
tential association between thimerosal-containing vac- 
cines and autism and evaluate whether that evidence 
suggests accepting or rejecting the hypothesis, we sys- 
tematically reviewed published articles that report orig- 
inal data pertinent to the potential association between 
thimerosal-containing vaccines and ASD/NDDs. 

Methods. Articles for analysis were identified in the 
National Library of Medicine's Medline database using a 
PubMed search of the English-language literature for 
articles published between 1966 and 2004, using key- 
words thimerosal, thiomersal, mercury, methylmercury, 
or ethylmercury alone and combined with keywords au- 
tistic disorder, autistic spectrum disorder, and neurode- 
velopment In addition, we used the '^related links" op- 
tion in PubMed and reviewed the reference sections in 
the identified articles. All original articles that evaluated 
an association between thimerosal-containing vaccines 
and ASD/NDDs or pharmacokinetics of ethylmercury in 
vaccines were included. 

Results. Twelve publications that met the selection 
criteria were identified by the literatiure search: 10 epide- 
miologic studies and 2 pharmacokinetic studies of ethyl- 
merctuy. The design and quality of the studies showed 
significant variation. The preponderance of epidemio- 
logic evidence does not support an association between 
thimerosal-containing vaccines and ASD. Epidemiologic 
studies that support an association are of poor quality 
and cannot be interpreted. Pharmacokinetic studies sug- 
gest that the half-life of ethylmercury is significantly 
shorter when compared with methylmercury. 

Conclusions. Studies do not demonstrate a link be- 
tween thimerosal-containing vaccines and ASD, and the 
pharmacokinetics of ethylmercury make such an associ- 
ation less likely. Epidemiologic studies that support a 
link demonstrated significant design flaws that invali- 
date their conclusions. Evidence does not support a 
change in the standard of practice with regard to admin- 
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ABBREVIATIONS. ASD, autistic spectrum disorders; MMR, mea- 
sles, mumps, rubella; EPA, Environmental Protection Agency; 
FDA, Food and Drug Administration; NDD, neurodevelopmental 
disorder; VAERS, Vaccine Adverse Events Reporting System; AE, 
adverse event; DTaP, diphtheria, tetanus, acelkilar pertussis; CI, 
confidence interval; CDC, Centers for Disease Control and Pre- 
vention; DTP, diphtheria, tetanus, whole-cell pertussis; HMO, 
health maintenance organization; RR, relative risk; ADD, atten- 
tion-deficit disorder; GPRD, General Practice Research Database; 
DT, diphtheria, tetanus. 



The prevalence of autism and autistic spectrum 
disorders (ASD) seems to be increasing,^""^ 
through an actual increase in incidence, an in- 
crease in diagnosis as a result of improved detection 
tlxrough service agencies and schools, changes in 
case definitions, or changes in reimbursement for 
medical services and other care. Regardless of the 
reason, determining the cause of autism is critical to 
permit appropriate diagnostic, treatment, and pre- 
ventive measures to be enacted. The major categories 
proposed as causing autism are genetic influence 
and prenatal or postnatal; environmental factors.^*^ 
Vaccines, particularly measles, mumps, and rubella 
(MMR) vaccine and thimerosal-containing vaccines, 
have been postulated as a cause for this increased 
prevalence of ASD/^^~^^ 

Mercury is knov^n to be neurotoxic, and methyl- 
mercury poisoning clusters have been described as a 
result of environmental contamination. With ongo- 
ing industrial practices that create a global cycling of 
mercury, environmental exposures in food and from 
other sources is common, and in some areas ^8% of 
US wonrien of childbearing age have levels above the 
Environmental Protection Agency (EPA) recom- 
mended reference level.^^'^® Consumption of con- 
taminated foods is the main route of nonocctipa- 
tional exposure; one 5.6-oz can of tuna on average 
contains 11.5 jutg of Hg.^^ The reader is referred to 
several excellent reviews on the topic for more de- 
tailed information.^^'^^"^^ On the basis of data from 
areas of environmental contamination, in 1997, the 
EPA revised its mercury intake guidelines; it is now 
the most conservative guideline, and is one fourth 
the intake guidelines of the Food and Drug Admin- 
istration (FDA). Five pomts about the EPA guideline 



PEDIATRICS Vol. 114 No. 3 September 2004 
Downloaded from www.pediatrics.org at CDC-Center for Disease Control on October 7, 2005 



793 



Case 1 :05-cv-01 749-TFH Document 1 0- 

should be noted: it is based on oral ingestion of 
methylmercury, not ethylmercury; it is meant as a 
starting point for investigation, not a level at which 
toxicity is thought to occur; it has a 10-fold safety 
factor built in; it was set to avoid toxicity to a fetus; 
and it assumes a cumulative dose if ingested daily 
over a prolonged period of time. AH of these points 
are not directly relevant to thimerosal in vaccines, yet 
EPA guidelines have been applied to ethylmercury 
in thimerosal. 

In 1998, the FDA reviewed thimerosal-containing 
products and fotmd that >30 licensed vaccines con- 
tained thimerosal, which is -^50% ethylmercury, and 
that with the number of vaccines given in the first 6 
months of life the 1997 EPA guideline could poten- 
tially be exceeded. The FDA subsequently requested 
that vaccine manufacturers remove thimerosal, 
where possible, from vaccines.^^ As of 2001, thimer- 
osal in quantities sufficient to act as a preservative 
was removed from all vaccines in the childhood 
immunization schedule in the United States except 
some influenza vaccines.-^ Trace amoimts of tliimer- 
osal, introduced during the manufacturing process 
to ensure sterility, are present in some vaccines, but 
the amounts are so small that exposure is inconse- 
quential. 

Although thimerosal as a preservative is no longer 
present in recommended vaccines for children 
younger than 7 years in the United States (except 
most influenza vaccines), tliimerosal-containing vac- 
cines continue to be used worldwide. In addition, 
practitioners are questioned regularly by parents 
about the possibility of an association and asked to 
provide their opinion on the safety of these vaccines. 
In 2001, the Immunization Safety Review Committee 
of the Institute of Medicine evaluated this issue and 
concluded tliat the evidence is insufficient to accept 
or reject a causal relationship between exposure 
to thimerosal and neurodevelopmental disorder 
(NDD).^^ Subsequently, several epidemiologic stud- 
ies have been published^^"^^ as well as studies eval- 
uating the pharmacokinetics of ethylmercury .^^^^^ In 
addition, the Institute of Medicine reconsidered the 
hypothesis that vaccines are associated causally with 
autism and rejected a causal relationship between 
MMR vaccine and autism ai\d thimerosal-containing 
vaccines and autism.^^ 

Evidence from randomized, controlled trials gen- 
erally is considered the "gold standard" used to sup- 
port medical decisions made by practitioners. How- 
ever, in the context of an existing vaccination 
program, randomized, controlled trials are not pos- 
sible. Therefore, the hypothesis of an association be- 
tween thimerosal and autism has been tested in ep- 
idemiologic studies. Because epidemiologic studies 
are subject to many potential biases that may affect 
the validity of results, appropriate design and ana- 
lytic methods are critical to achieve meaningful re- 
sults. The purpose of this article was to identify 
systematically and evaluate critically the design, 
methods, analysis, and conclusions of each original 
research publication that has assessed the epidemi- 
ology of thimerosal and ASD. To address a potential 
biological mechanism for a link between thimerosal 
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and ASD, we also critique published studies of the 
pharmacokinetics of ethylmercury in children. 

METHODS 

Search Strategy 

To identify original research publications linking thimerosal- 
containing vaccines and autisnn or other neurologic conditions and 
original laboratory research on the human pharmacokinetics of 
ethylmercury in thimerosal, we searched the National Library of 
Medicine's Medline database xising PubMed, and the Cochrane 
Library for articles published between 1966 and 2004. The terms 
thimerosal, thiomersal, vaccine, mercury, methylmercury, ethyl- 
mercury, autism, autistic disorder, autistic spectrum disorders, 
developmental disorder, and NTDDs were selected as MeSH head- 
ings, and text words were combined in the search strategy. In 
addition, we used the "related Mxiks" option on PubMed. We also 
reviewed references in all relevant published articles, including 
reviews, letters, and commentaries, to identify original research. 

Study Selection and Evaluation 

Studies were assessed as to whether they should be included in 
this review on the basis of their reporting original data examining 
a possible link between thimerosal and ASD/NDDs or describing 
human pharmacokinetics of ethylmercury, which is found in 
thimerosal. Once a study met the inclusion criterion, data were 
extracted including first author, journal, year of publication, coun- 
try of study, type of study, and database or laboratory data 
examined. Assessment of study metiiods included study design, 
type and size of population studied, definition of exposures and 
outcomes, validation of developmental diagnoses, provision of 
sample size calculations and/or discussion of study power, and 
statistical methods including techniques to control for potential 
confounding. We also determined whether the authors discussed 
potential limitations to the study. Assessments of ail eligible stud- 
ies were conducted independentiy, with differences resolved by 
all-author consensus. Study authors were not contacted for addi- 
tional information because our goal was to evaluate data available 
in the original publications. Attempts were made to validate data 
used in the reviewed publications when the data sources were 
available publicly. 

RESULTS 

Of the abstracts of articles reviewed, 14 seemed to 
report original data. Two pharmacokinetic studies 
were excluded: one becaiase it modeled theoretical 
estimates of mercury concentrations^^ and another 
because it used previously published data for half- 
life extrapolation of ethylmercury rather than report- 
ing original data.^^ Characteristics of the remaining 
12 studies are summarized in Tables 1 and 2. Ten 
studies are epidemiologic: 5 cohort studies investi- 
gating an association between thimerosal and au- 
tism/developmental disorders/^'^""^^ 3 ecological 
studies comparing trends in the incidence of autism 
with thimerosal exposure,^^-"^^'^^ and 2 studies that 
present both retrospective cohort and ecological da- 
|.Q 3031 Xvvo of the purely ecological studies have 
overlapping data sets, and 1 of the retrospective 
cohort studies uses the same database as these 2.^^ 
One of the ecological studies^^ and 2 of the studies 
reporting cohort and ecological results^^'^^ use the 
same data, some of which were used by the same 
autliors in a tliird article, 1 of the retrospective cohort 
studies.-^ Two studies are pharmacokinetic studies 
of thimerosal in a cohort of human infants.-^^'^^ Both 
examine small numbers of patients without matched 
control subjects and thus are descriptive. Several 
quality measures were used to evaluate the cohort 
studies (Table 2). A summary of each article is pre- 
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TABLE 1. Characteristics of Epidemiologic Studies 
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Country, Year 
Published 



Source 



Analysis, Years of Study 



Database 



UK, 2004 


Andrews et aP* 


UK 2004 


Heron et al^^ 


Denmark 2003 


Hviid et aP3 


USA 2003 


Verstraeten et aP^ 


USA 2003 


Geier and Geier^^ 


USA 2003 


Geier and Geier**^ 


USA 2003 


Geier and Geier*^ 


USA 2004 


Geier and Geier^^ 


Sweden/Denmark 2003 


Stehr-Green et aPs 


Denmark 2003 


Madsen et aP^ 



Retrospective cohort, 1988-1997 
Prospective cohort, 1991-1992 
Retrospective cohort, 1990-1996 
Retrospective cohort, 1991-2000 
Retrospective cohort, 1992-2000 
Retrospective cohort and ecological, 

1992-2000 
Retrospective cohort and ecological, 

1997-2000 
Ecological, 1981-1985, 1990-1996 
Ecological, Sweden 1987-1999, 

Denmark 1983-2000 
Ecological, 1971-2000 



Office of National Statistics GPRD 

ALSPAC; Child Health Surveillance 

Danish National Registries 

Three HMOs 

VAERS 

VAERS, US Department of Education Report 

VAERS, US Department of Education Report 

US Department of Education Report 
National Inpatient Data (Sweden), 

National Registry (Denmark) 
Danish National Registry 



ALSPAC indicates Avon Longittidinal Study of Parents and Children. 



sented, followed by a summary of principal method- 
ologic concerns. 

Cohort Studies 

Of the 10 epidemiologic studies, 7 included cohort 
data (Table 1). Three of these articles reported an 
association between autism and thimerosal expo- 
sure. All 3 are by the same authors, and the data sets 
are overlapping.^^"*^^ The first of these to be pub- 
lished is a retrospective cohort study that used the 
Vaccine Adverse Events Reporting System (VAERS) 
database,^^ The authors analyzed information from 
the VAERS database on adverse events (AEs) re- 
ported after use of thimerosal-containing diphtheria, 
tetanus, acellular pertussis (DTaP) vaccines from 
1992 to 2000 {n = 6575) and after use of thimerosal- 
free DTaP vaccines from a different time period, 
1997-2000 (n = 1516). The authors then defined a 
cohort that included 88 children who were reported 
as having autism, mental retardation, or speech dis- 
orders. Of these children, 81 were in the thimerosal 
group (18 with autism) and 7 were in the thimerosal- 
free group (1 with autism). Gender, age, and onset in 
days after vaccination were extracted. Risk ratios 
were calculated on the basis of relative incidence of 
each diagnosis for the thimerosal-containing com- 
pared with the thimerosal-free group: autism, 6.0; 
mental retardation, 6.1; and speech disorders, 2.2. No 
confidence intervals (CIs) were provided. The au- 
thors concluded that there is a significant (P < .002 to 
P < .05) increase in these disorders after receipt of 
thimerosal-containing vaccines and that children 
who receive an additional 75 to 100 jug of thimerosal 
may have an associated increase in NDDs. Further- 
more, the authors stated that reactions tended to 
occur in older children and speculated that this may 
be explained by the toxic buildup of mercury from 
successive doses of thimerosal-containing DTaP vac- 

We identified multiple methodologic concerns 
regarding this article. The key outcome measure, 
calculation and comparison of AE incidence for 
thimerosal-exposed and unexposed infants, requires 
accurate and unbiased assessment of the numerator 
(children with defined AEs) and denominator (expo- 
sure/no exposure to thimerosal-containing DTaP) 



for the 2 groups. Several factors contribute to sub- 
stantial inaccuracy in the numerator of AEs, VAERS 
is a passive reporting system that is monitored by the 
Centers for Disease Control and Prevention (CDC) 
and the FDA and to which anyone — health care pro- 
vider, vaccinee, or parent — ^may report an AE after 
vaccination.^ Although the authors postulated com- 
plete reporting of AEs by stating that "all adverse 
reactions are to be reported to the VAERS database 
as required by US law," in fact, reporting is man- 
dated only for events included in the "injury table" 
of the National Vaccine Injury Compensation Pro- 
gram; ASDs and NDDs potentially associated with 
diphtheria, tetanus, whole-cell pertussis (DTP)/ 
DTaP or thimerosal exposure are not mandated. 
Moreover, for these and other adverse reactions, sub- 
stantial underreporting occurs. "^^^^ Underreporting 
is particularly common for events that are not in the 
compensation program, for events that are not 
defined by a specific diagnostic test, or when the 
temporal relationship with vaccination is not well 
defined, both of which apply to the conditions eval- 
uated in this study. In addition, events in VAERS are 
classified on the basis of a reported diagnosis or a 
coder's interpretation of symptoms/signs included 
in a comment field. Diagnoses are not validated. The 
authors do not report which diagnosis or symptom 
terms they abstracted from the VAERS database or 
how they dealt with diagnostic overlap or incom- 
plete records. This is particularly troubling because 
the disorders reported have a long differential diag- 
nosis and because the mean age reported for children 
with autism (1.7 ± 1.1 year) is below the age at wWch 
a reliable diagnosis of that disorder is made.^^'^^ 
Demonstrating the statistical fragility of analysis of 
this database, if only 1 child who has autism and did 
not receive tliimerosal-containing DTaP were mis- 
classified into the thimerosal group or if 1 such child 
were not reported to the VAERS system, then the 
reported risk ratio would be reduced by half and the 
P value wotild be >,05. 

In addition, several biases may have led to differ- 
ential reporting of events in children who received 
DTaP vaccines that did or did not contain thimerosal 
as a preservative affecting the ability to compare 
relative reporting rates. In a setting of incomplete 
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reporting, if parents or providers, either of whom 
can report to VAERS, are aware of a possible link 
between thimerosal exposure and NDDs, then re- 
porting by either group may be greater among those 
who have been exposed ("reporting bias"). This bias 
also may have affected description of symptoms and 
had an impact on how events were coded. "Diagnos- 
tic bias/' with providers more likely to diagnose 
autism or other NDDs among children who were 
exposed to thimerosal, also may have occurred. Be- 
cause of FDA concern and subsequent recommenda- 
tions by the American Academy of Pediatrics and the 
US Public Health Service for precautionary thimero- 
sal removal in July 1999, wilht associated media in- 
terest, there was a substantial risk that tliese biases 
occurred in a study that includes AEs reported 
through 2000. VAERS data show markedly increased 
reporting of autism during the second half of 1999 
and 2000, consistent with reporting bias. 

An additional problem affecting numerator data is 
the inability to define accurately total thimerosal ex- 
posure in children witli reported AEs. VAERS re- 
ports include only the vaccine type and manufactur- 
ers for the visit associated with the AE and within 4 
weeks before that date. It is not possible to define 
whether a child received thimerosal-containing or 
-free DTaP vaccine at previous visits or other vac- 
cines that may or may not have included this preser- 
vative. As NDD risk was hypothesized by ihe au- 
thors to be related to the total tliimerosal exposure 
rather than only thimerosal in DTaP, the inability to 
define that exposure represents a significant limita- 
tion. 

Substantial questions regarding the accuracy of the 
denominator data for the incidence calculation also 
exist. The denominator requires the total number of 
children in the United States who received thimero- 
sal-containiag DTaP (exposed) and the total number 
who received thimerosal-free DTaP (unexposed). 
The authors indicated the source of these data as the 
"Biological Surveillance Summaries of the CDC." 
However, CDC reports only aggregate doses distrib- 
uted for DTaP and other vacchies and provides no 
manufacturer-specific data.^^ It is unclear how the 
authors estimated manufacturer-specific data be- 
cause, on the basis of agreements with manufactur- 
ers, CDC does not release these data. No source is 
cited in the publication. The authors provided no 
details on how total DTaP doses distributed were 
translated into number of children vaccinated with 
specific thimerosal-contairdng or thimerosal-free 
vaccines, which is particularly problematic for a vac- 
cine administered in a v5-dose schedule over a 4- to 
5-year period. 

Two other publications by Geier and Geier re- 
ported essentially the same data with minor differ- 
ences and thus are discussed together.^^-^^ The arti- 
cles have 3 components: first, data from the VAERS 
database again were presented but analyzed oia the 
basis of different levels of thimerosal exposure (co- 
hort data); second, a comparison between the FDA 
and EPA exposure limits was made with the dose 
received in routine vaccination; and third, the US 
Department of Education report on numbers of chil- 
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dren with neurologic disorders was compared with 
mercury exposure in vaccinations over time (ecolog- 
ical data). The ecological data are discx:tssed in tlie 
section on ecological studies. 

The cohort data in 1 article^^ evaluated reports of 
autism, personality disorders, and mental retarda- 
tion for children who were exposed to thimerosal- 
containing and thimerosal-free DTaP vaccines using 
VAERS reports between 1997 and 2001, and the oth- 
er^° assessed autism, speech disorders, and heart 
arrest on the basis of VAERS reports of children who 
were exposed to thimerosal-containing DTP and 
DTaP vaccines from 1992 to 2000 compared with 
thimerosal-free DTaP vaccines from 1997 to 2000. 
DTaP vaccines were not Ucensed in the United States 
for use beginning at 2 months of age until 1996. The 
analytic strategy comparing incidence rates in these 2 
articles is the same as in their first publication. How- 
ever, tlie authors stated that in each of these analyses, 
they compared children who received an average of 
37.5 (Jig of ethylmercury with children who received 
an average of 87.5 jtx.g. The overall conclusion of both 
publications is that there is an association of heart 
arrest and neurologic disabilities with thimerosal. 

As in the first Geier and Geier article, complete- 
ness in reporting, diagnostic specificity and valida- 
tion, and potential diagnostic and reporting bias can- 
not be evaluated properly in these 2 studies,^^'^^ 
particularly for the study that included data through 
2001.^^ In addition, the authors did not present meth- 
ods on how the ethylmercury exposure estimates of 
37.5 jLig and 87.5 jag were determined. Because 
VAERS reports do not include a child's entire immu- 
nization history and because vaccines that are re- 
ported to have been received before an AE are not 
verified by medical record review, estimated ethyl- 
mercury exposure from the reported vaccination 
visit may be inaccurate and total previous exposure 
would not be possible to estimate. 

Four of the 7 cohort studies do not identify an 
association between thimerosal and ASD. One study 
is from the Vaccine Safety Data Link group from the 
CDC in the United States.^^ Data were collected from 
3 health maintenance organization (HMO) databases 
on a total of 140 887 vaccinees. Data were screened 
for potential associations between NDDs and cumu- 
lative thimerosal exposure at 1, 3, and 7 months of 
age with exposure analyzed as both continuous and 
categorical variables. Relative risks (RRs) were cal- 
culated using a proportional hazards model. In the 
first phase of the study, data from 2 HMOs were 
aiialyzed. In the continuous variable analysis, an as- 
sociation at HMO A between thimerosal exposure at 
3 months of age and tics was fotmd (RR: 1.89; 95% CI: 
1,05-3.38). At HMO B, cumulative exposure to 
thimerosal at 3 and 7 months of age was associated 
with language delay (3 months: RR: 1.13; 95% CI: 
1,01-1.27; 7 months: RR: 1.07; 95% CI: 1.01-1.13). In 
the categorical analysis, there was a negative associ- 
ation for speech delay with 87 to ^175 /xg Hg at 7 
months in HMO A (87-162 ^g: ^: 0„58; 95% CI: 
0.37-0.93; ^175 /xg: RR: 0.58; 95% CI: 036-0,92), For 
HMO B, at 3 months of age, there was £iii association 
between ^62.5 /xg Hg and language delay (RR: 1.87; 
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95% CI: L08-3.23). Only HMO B included a suffi- 
cient sample size of patients with autism for analysis, 
and no association was found. An additional suba- 
nalysis was performed at HMO B, where children 
who were exposed to thimerosal-containing vaccines 
were compared with children who received only 
thimerosal-free vaccines; at 3 months of age, the only 
statistically significant association was a protective 
effect of thimerosal for attention deficit disorder 
(ADD; RR: 0.70; 95% CI: 0,52-0.95). 

In the second phase, children in HMO C were 
assessed to evaluate further the associations seen in 
HMOs A and B, in an attempt to confirm the prelim- 
inary findings. There were no statistically significant 
associations. Because of limited numbers, RR at 
HMO C was calculated only for diagnoses of speech 
or language delay and ADD; no increased risk was 
found for either outcome. The authors concluded 
that no association can be confirmed or refuted be- 
tween thimerosal and NDDs. The aixthors stated that 
because of the retrospective cohort study design and 
the need to resolve conflicting findings in the HMOs, 
additional studies need to be conducted. 

This brief summary simplifies results of a complex 
analysis using a raultifaceted data set. This cohort 
includes complete ascertainment of children with bt~ 
iernational Classification of Diseases, Ninth Revisioji 
coded diagnoses and complete vaccination histories, 
allowing accurate calculation of thimerosal exposure. 
Analytic methods are described clearly as are meth- 
ods used to control for potential biases, such as dif- 
ferences in health care utilization. The authors found 
an association between thimerosal exposure and up- 
per respiratory tract infection, suggesting that in- 
creased health care use may be a confounder, with 
children who have more visits receiving more vacci- 
nations and being more likely to have a diagnosis of 
an NDD such as'speech delay„ To control for this, 
analyses for HMOs A and B were restricted to cliil- 
dren who had made at least 1 visit to a clinic or an 
emergency department at the same age as cases. 
However, the authors did not document that this 
adequately controlled for differences related to 
health care use, and similar measures to control for 
potential confounding could not be implemented at 
HMO C. 

The question of diagnostic accuracy was assessed 
for a subset of patients with an NDD by conducting 
chart review and documenting that the diagnosis 
was made by an appropriate specialist. Confirmation 
rates were variable, with a range from 28% for ADD 
to 92% for autism; rates varied by HMO. Interpreting 
associations for diagnoses with lower confirmation 
rates may be problematic. 

Although this is the first peer-reviewed journal 
publication of these data, it is the third reanalysis of 
these data sets.^^'^° Each reanalysis has attempted to 
address methodologic problems, for example con- 
trolling for differences in health care-seeking behav- 
ior and analyzing data from HMOs A and B sepa- 
rately. Although these reanalyses may strengthen the 
overall analytic method, they create a risk of "inves- 
tigator bias" whereby the investigators' beliefs re- 
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garding outcome could affect the analysis and re- 
sults- 

The fifth cohort study uses the Danish Civil Reg- 
istration System to examine the rate ratio of ASD in 
children who received thimerosal-contairdng vacci- 
nations to children who received thimerosal-firee vac- 
cinations.^^ In Denmark, the only thimerosal-con- 
taining vaccine given after 1970 was DTP; thimerosal 
was removed in 1992. Whole-cell pertussis vaccine 
continued to be administered imtU 1997, at which 
time Denmark changed to an acellular pertussis vac- 
cine. Using the Danish Civil Registration Systenn, 
Hviid et aF^ were able to connect registrants who 
were born between January 1, 1990, and December 
31, 1996, to their vaccination records at the National 
Board of Health and their pertinent health records at 
the Danish Psychiatric Central Register, the National 
Hospital Discharge Register, and the Danish Medical 
Birth Registry. Medical histories of children were 
followed until pertinent diagnoses were made, chil- 
dren were lost from the system, or children reached 
11 years of age. 

On the basis of doses given at 5 weeks, 9 weeks, 
and 10 months of age, a child in Denmark before 
1992 could receive a total of 125 jtxg of ethylmercury; 
after 1992, the exposure was 0. Incidence rates were 
analyzed with Poisson regression to calculate a rate 
ratio, per 25-/xg ethylmercury increment, according 
to vaccination history. The rate ratio for autism for 
children who received any vaccinations that con- 
tained thimerosal (1 220 006 person-years) as com- 
pared with children who received only thimerosal- 
free vaccinations (1 660 159 person-years) is reported 
as 0.85 (95% CI: 0.06-L20). For other ASDs, the rate 
ratio was 1.12 (95% CI: 0.88-1.43), When increments 
of 25, 75, and 125 jag Hg are compared, the rate ratios 
and CIs are similar. For assessing for possible mis- 
classification of thimerosal-contaiixing or thimerosal- 
free vaccine during the period of switchover (1992), 
data were reassessed excluding 1992, and results 
again were similar. For addressing possible con- 
founders tliat might have changed in the population 
over time (eg, dietary mercury, ASD diagnostic cri- 
teria/incidence), the data were analyzed restricting 
the cohort to 1991-1993, and the results again were 
similar. Single imputation was used to evaluate the 
impact of missing values, and no impact was de- 
tected. The authors also evaluated the overall inci- 
dence of autism in Denmark during the study period 
and found a significant increase per calendar year 
(RR: 1.24; 95% CI: 1.17-1.31), even after discontinua- 
tion of thimerosal in vaccines. The authors concluded 
that although there is an increase in incidence of 
autism, there is no evidence of an association be- 
tween thimerosal-containiug vaccines and axitism in 
the cohort that they studied and no indication of a 
dose-response association. 

The organization of the Danish health system 
lends itself to the type of analysis presented in the 
article. The cohort includes complete ascertainment 
of children, developmental diagnoses, and immmii- 
zations. That all children in Denmark receive vac- 
cines from a single manufacturer (the government) 
optimizes the ability to ascertain exposures accu- 
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rately. Potential sources of error such as vaccinations 
received during the 1992 changeover period and 
changes in diagnosis of autism during the study 
period were anticipated and analyses were done to 
evaluate their possible impact. One weakness is that 
the validity of tlie ASD diagnoses was not ascer- 
tained because chart reviews were not performed. 
The authors dismissed this, citing a published paper 
using the same databases in which validity of ASD 
diagnosis was confirmed in 37 (92%) of 40 children.^^ 
On the basis of this information, it is unlikely to have 
significantly influenced the results for this diagnosis. 
Although the study population was large and in- 
cluded almost 3 million child-years of observation, 
no information is presented in the publication on the 
potential difference in the incidence in autism that 
the study is powered to detect. Moreover, the maxi- 
mum thimerosal exposure in Denmark was 125 (.ig 
ethylmercury, which is less than what the potential 
maximum exposure would have been in the United 
States. However, thimerosal exposure started at an 
early age and would be important if sensitivity to 
thimerosal were age-related. 

The sixth study in the cohort category was per- 
formed in the United Kingdom using the General 
Practice Research Database (GPRD),^ In this retro- 
spective cohort study, 100 572 term and 2471 preterm 
children who were born from 1988 to 1997 and had at 
least 2 years of follow-up were linked to their vacci- 
nation histories and codes for diagnoses of various 
NDDs. Data for an association between thimerosal 
and these disorders was evaluated using a Cox pro- 
portional hazards model. The thimerosal dose from 
DTP/diphtheria, tetanus (DT; the only thimerosal- 
containing vaccine in the United Kingdom in the 
routine childhood program) was calculated for each 
child using a calculation that reflected both the total 
dose and the age of vaccination such that compari- 
sons could be made between children who received 
a higher dose of mercury earlier in life and children 
who received vaccination later in life and/or missed 
doses. In the term group, 96% of children eventually 
received all 3 doses of DTP/DT. However, there was 
sufficient variability hi the tinaing of vaccination to 
enable comparison using this formula, which is well 
explained in the text of the article. The average 
length of follow-up was 4.7 years and ranged from 2 
to 11 years. Overall, in the term group, 5831 (2,0%) 
neurodevelopmental diagnoses were made, 104 
(0.1%) of these being autism and 70 (0.07%) being 
tics. Two-sided P values with hazards ratios and CIs 
were calculated for term and preterm infants sepa- 
rately, and the data also were analyzed after exclud- 
ing all children who did not receive 3 doses of vac- 
cine by age 366 days, to minimize potential bias 
related to exposure to medical care. The only diag- 
nosis for which risk increased significantly with in- 
creasing thimerosal dose was tics (hazards ratio: 1.62; 
95% CI: 1.0v5-2.50) for doses by 3 months. For general 
developmental disorder, tmspecified developmental 
delay, and ADD, there was a protective effect asso- 
ciated with thimerosal exposure. Validation was per- 
formed by reviewing charts of primary care physi- 
cians for 152 children with neurologic diagnoses. The 
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dates of vaccination were found to be accurate, and 
in 122 (80%), it was confirmed that the child pre- 
sented with the coded condition; in the other 30 
(20%), tl^ere was no record of the diagnosis, it was 
coded incorrectly, or the diagnosis reflected parental 
concern only. In the 122 children with a confirmed 
diagnosis, 48 were transient problems and 31 were 
long term; specifically, 24 (89%) of 27 tics were re~ 
ported as transient. The authors concluded that the 
borderline association found between thimerosal ex- 
posure and tics is likely to be a chance effect or the 
result of confounding and that there is no evidence of 
neurotoxicity in infants or children who are exposed 
to thimerosal in vaccines. 

Similar to the VSD and Danish studies, the GPRD 
database includes longitudinal health care and im- 
munization data on a large cohort of children.^ Al- 
though of the 152 898 children in the database only 
100 572 were inchided for analysis, the large majority 
of exclusions were because of missing birthdates, 
which would not be a source of bias. The remaining 
exclusions, of preterm infants and infants with pre- 
natal or early postnatal conditions that would affect 
receipt of vaccination and NDD outcomes, are ap- 
propriate to avoid potential confounding. The meth- 
ods, analytic approach, and statistical technique are 
described clearly and are appropriate. The high pro- 
portion of developmental diagnoses that were vali- 
dated is reassuring, but the sample evaluated was 
small and validation rates are not presented by di- 
agnosis. The authors discussed several potential im- 
pacts of confounding on study results. The apparent 
protective effect of vaccination for several NDDs 
may reflect an inability to exclude all children with 
underlying conditions that increase their risk of these 
outcomes and decrease their likelihood of timely 
vaccination. The authors also acknowledged an in- 
ability to control for socioeconomic status or to con- 
sider unrecorded medical conditions, although the 
possible impact of these factors is unclear. A poten- 
tial limitation of all analyses that rely on diagnostic 
code data are the possible variability on how physi- 
cians record diagnoses and the potential impact of 
chief complaint on final diagnosis. However, this 
type of diagnostic bias could lead to spurious asso- 
ciations, ratiher than a lack of an association as found 
in tliis study. One limitation of tliis article is the lack 
of a discussion of the study power to detect signifi- 
cant associations for key NDDs, if such associations 
existed. 

By contrast with the previous 3 studies, which 
analyzed diagnoses made by health care providers, 
the study by Heron et aP^ analyzed parental re- 
sponses to questionnaires administered at 7 time 
points over 91 months. The Avon Longitudinal 
Study of Parents and Children in the United King- 
dom evaluated development of children who were 
bom in 1991 and 1992. Questionnaires included tl\e 
Strengths and Difficulties Scales to define behavior 
ratings and the Denver II for fine motor develop- 
ment. Questionnaires also included screening ques- 
tions for concerns about speech, tics, and special 
needs. Information on specific diagnoses, such as 
ASD, was not gatlnered but was expected to be re- 
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fleeted in the categories analyzed. Questionnaires 
also collected data on 9 potential confounders. Inves- 
tigators were able to match 12 810 children who were 
evaluated in the Avon Longitudinal Study of Parents 
and Children study with ttieir immunization histo- 
ries in the UK Child Health Surveillance Database. 
Thimerosal dose was calculated as in the analysis of 
the GPRD database, taking into account both total 
dose and age at which the dose was given. Multivar- 
iate analyses, controlling for potential confounders, 
found negative associations for thimerosal exposure 
and conduct behavior, fine motor development, and 
tics. Only poor prosocial behavior at 47 months of 
age was significantly associated with thimerosal ex- 
posure at 3 months of age (odds ratio: 1.21; 95% CI: 
1.01-1.23; P = .031). The authors concluded that the 
single association that they found may be expected 
given the 69 statistical tests performed and that early 
thimerosal exposure is not associated with a delete- 
rious neurologic or psychological outcome. 

Strengths of this study are that collecting data 
directly from parents avoids the potential confound- 
ing effects associated with health care utilization, 
and information could be collected on potential con- 
founding variables such as socioeconomic status ~ 
There are a few concerns with this article, all of 
which are acknowledged by the authors. First, pa- 
rental reports were not validated or compared with 
medical diagnosis. Second, developmental screens 
were problematic. Third, the questionnaire response 
rates varied from 65% for children with the maxi- 
mum exposure to thimerosal to 48% for children 
with no exposure. The authors suggested that chil- 
dren with less thimerosal exposure also fall into a 
lower socioeconomic group and therefore have more 
risk factors for an adverse neurologic outcome, po- 
tentially creating a bias against finding an associa- 
tion. However, the potential impacts of response bias 
were mimmized in the multivariate analysis, which 
controlled for socioeconomic stahas. Power was not 
addressed in this publication. 

Ecological Studies 

Five studies contain ecological data (Table 1). Two 
of these studies contain cohort data in addition to 
ecological data; the cohort data were reviewed 
above.^*^''^'^ A separate ecological study by the same 
authors^^ reported essentially the same data as was 
presented in their cohort/ecological studies; thus, 
the ecological data of all 3 articles are discussed 
together. The authors compared the mean amount of 
ethylmercury in childhood vaccines with the number 
of cases of various disabilities reported in the US 
Department of Education system over time, using 
data from 1981 through 1985 and 1990 tlirough 1996. 
To determine prevalence of disabilities, the US De- 
partment of Education report and the CDC's live 
birth surveillance data are analyzed.^^'^^ Depending 
on the study, the conditions analyzed included au- 
tism, speech disorders, orthopedic impairments, vi- 
sual impairments, and deaf-blindness. The authors 
then plotted the average thimerosal dose against the 
individual disabilities found and reported an associ- 
ation between speech disorders and autism with 
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thimerosal but no association with visual impair- 
ments, deaf-blindness, and orthopedic impairments. 
Odds ratios as compared with a baseline in 1984 and 
CIs >1 were reported. One of the studies also re- 
ported a correlation between the MMR vaccine and 
autism.^3 

There are several concerns with this analytic ap- 
proach. The US Department of Education reports the 
number of people with each of the analyzed disabil- 
ities contained in their system, subdivided by age.^^ 
The authors determined prevalence by dividing 
tliese numbers by the number of live births recorded 
in the year in which that age group was born, as per 
the author reference to CDC data.^^ The accuracy of 
this approach depends on the assumption that the 
US Department of Education database is equally ac- 
curate and complete for each of the specified periods. 
If dropout was more common for the cohort born in 
1984-1985 than that bom in 1990-1994 and if report- 
ing and diagnostic criteria differ during the time 
periods, then there may be spurious differences. In- 
cidence of these disorders by birth cohort would 
provide a better measure of trends than does preva- 
lence. To evaluate trends in exposure, the authors 
calculated the amount of ethylmercury administered 
on average to US children during the same time 
period. Although the ethylmercury dose did increase 
during the study period as a result of the widespread 
use of Haemophilus influenzae type b and hepatitis B 
vaccines, the methods did not consistently describe 
how ethylmercury exposure was calculated or which 
vaccines were evaluated. The authors stated that the 
ethylmercury dose "was based on the Biological Sur-^ 
veillance Summaries of the CDC," so the authors 
apparently divided the doses distributed by the birth 
year cohort to arrive at an average dose. Problems 
with this strategy include that the number of vac- 
cines distributed in a certain year may not corre- 
spond with the number administered; and, again, the 
referenced report does not include manufacturer- 
specific data that would allow the investigators to 
separate thimerosal-containing from thimerosal-free 
vaccines distributed. In addition, the authors did not 
evaluate the vaccination histories of the children in 
the US Department of Education report; rather, they 
compared trends using 2 separate databases, thus the 
conclusion that the relationship between NDDs and 
ethylmercury is "linear," NDDs increasing with each 
microgram of mercury administered, is not valid. 
Although it is plausible that autism prevalence did 
increase at the same time that thimerosal exposure 
increased (with the introduction of new vaccines), a 
basic premise of epidemiology is that correlation 
does not make causation; this shortcoming and alter- 
native hypotheses were not addressed. 

The 2 other ecological studies reported data from 
Sweden and Denmark. The first article reported the 
incidence or case numbers of autism in Sweden and 
in Denmark from 1987 to 1999.^^ The authors then 
calculated cumulative ethylmercury exposure by 
multiplying the amount in vaccines used at the time 
by vaccination coverage rates (usually >95%) for 
each birth-year cohort and compared results with the 
incidence of autism. Both Sweden and Denmark dis- 
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continued thimerosal use during the study period, in 
1992. The results for both countries were similar. 
Autism incidence or case numbers increased 
throughout the study period and continued to in- 
crease (although with some fluctuation) after elimi- 
nation of thimerosal as a preservative in vaccines. 
The data are most compelling for Denmark, where 
autism prevalence rises substantially after thimerosal 
discontinuation. The authors concluded that their 
study constitutes compelling evidence against a 
thimerosal-autism correlation. 

The design of this study is straightforward. The 
quality of records for autism diagnoses and vaccina- 
tion rates and the size and stability of the population 
studied are strengths of this work. One concern is 
that incidence data were provided for Sweden but 
not for Denmark; however, these data were pre- 
sented in a second publication, discussed below.^^ 
This study does have some limitations, which are 
discussed by the authors, and include the inability to 
control for or identify factors such as environmental 
exposure to methylmercury. Another limitation to all 
ecological data collected on this subject is that the 
criteria for the diagnosis of autism have changed and 
broadened over the years, making it difficult to in- 
terpret a reported increase in incidence or preva- 
lence. 

The last article in the ecological sttidy category 
used the same data set but evaluated data from 
Denmark only.^'' This study expanded the Denmark 
information to include 1961-1970, when the cumxila- 
tive etliylmercury dose was 200 jag in the first 15 
montlis of life, and 1970-1992, when the dose was 
125 jitg in the first 10 months of life, as well as 
1992-2000, when vaccines in Denmark did not con- 
tain thimerosal. The incidence of autism was stable 
until 1990 and thereafter increased throughout the 
study period, including the period when thimerosal 
was not included in vaccines. The authors concluded 
tlnat there is no evidence for an association between 
thimerosal use in vaccines and autism. 

The limitations of this study are similar to those 
discussed for the article by Stehr-Green et al^^ In 
addition, because data were not available, outpa- 
tients with the diagnosis of ASD were not counted 
until 1995. This would increase the incidence rates 
for 1995 compared with previous years, as discussed 
by the authors. Rates continued to rise after 1995, 
however, when outpatients continue to be counted, 
so this is not likely to have affected overall conclu- 
sions of the analysis. 

Laboratory Studies Describing Mercury Levels After 
Vaccination in Human Infants 

Most studies of the pharmacokinetics and metab- 
olism of organic mercury have evaluated methyl- 
mercury and have been performed with oral or 
iahalational absorption and are summarized else- 
where.-^^'^^ The first publication to describe ethyl- 
mercury (from thimerosal) pharmacokinetics in in- 
fants after injection was published by Stajich et al 
in 2000.'"^® This study compared 20 infants in whom 
pre- and post-hepatitis B vaccination mercury levels 
were evaluated. Levels after vaccination were col- 
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lected at 48 to 72 hours. Fifteen infants who were 
bom at <1000 g were compared with 5 infants who 
were born at >3500 g. Each dose of vaccine con- 
tained 12.5 ^Lg of ethylmercury. The mean mercury 
level after vaccination was significantly higher (P < 
.01) in the preterm group compared with the term 
group (mean: 7.36 ± 4.99 /ag/L vs 2.24 ± 0.58 jag/L, 
respectively). The mean value did not exceed the 
Department of Health and Human Services guide- 
lines for "normal" blood mercury levels (<20 /ig/L). 
On an individual basis, this value was exceeded in 1 
preterm infant (range: 1.3-23.6 /ig/L) but no infants 
in the term group (range: 1.4-2.9 ^tg/L). The authors 
raised concern for possible toxicity in the preterm 
population, although the sigiiificance of a 23.6-jLtg/L 
ethylmercury blood level in 1 infant is unknown. 
These data are useful in suggesting that the birth 
dose of hepatitis B vaccine does not substantially 
increase blood mercury levels in term infants and 
that levels are well below Department of Health and 
Human Services guidelines. It should be noted that 
the American Academy of Pediatrics and the Advi- 
sory Committee on Imatnunization Practices do not 
recommend hepatitis B vaccination in infants <1000 
g unless the mother is HB surface antigen positive. 
For both the preterm and term groups, the small 
sample size limits the precision of the point esti- 
mates. 

The publication by Pichichero et aP^ included data 
from 61 children: 40 recruited in Rochester, NY, who 
were exposed to thimerosal in vaccines compared 
with an lanmatched control group of 21 children who 
were not exposed to ethylmercury in vaccinations 
recruited in Bethesda, MD. Although the Bethesda 
group is called a control, these children are not 
matched and the timing of blood mercury level test- 
ing is different. Children ia the thimerosal-exposed 
group received up to 3 thimerosal preservative- con- 
taining vaccines (DTaP, hepatitis B, Haemophilus in- 
fluenzae type b), and mercury levels were measured 3 
to 28 days after vaccination. In the control group, 
samples were obtained at either tlie 2- or 6-month 
well-child visit. Urine and stool samples and mater- 
nal hair for total mercury content were studied for 
some infants, mostly in the thimerosal-exposed 
group. Results showed mercury concentrations be- 
low the limit of quantification in 12 of 33 infants in 
the study group and m 14 of 15 infants in the control 
group. Mean values were higher in younger patients, 
although exact means were not reported. The highest 
level reported was 20.6 nmol/L (parts per billion), 
which was less than the 29 nmol/L cited by the 
authors as thought to be safe in cord blood. Mercury 
also was found in stool specimens of infants who 
were exposed to thimerosal, suggesting excretion via 
the intestinal tract. The half-life of ethylmercury was 
calculated at 7 days (95% CI: 4-10 days), substan- 
tially less than the 20 to 70 days for methylmercury. 

Although the absence of significantly elevated 
blood mercury levels ia this study is reassuring, 
there are a number of limitations to the investigation. 
Most important, only 4 thimerosal-exposed children 
had blood specimens obtained within 5 days of vac- 
cination-~the period during which levels would be 
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expected to be highest. In adaition, baseline blood 
mercury levels were not obtained, so increases after 
exposure could not be characterized; and the ex- 
posed and comparison groups were not matched by 
age and were enrolled from different geographic 
areas. As the data showed higher mercury concen- 
trations from maternal hair samples of the children 
who received thimerosal-containing vaccine, consis- 
tent with greater prenatal environmental exposure, 
the 2 groups are not the same at baseline and thus 
comparing them is problematic. Estimates of the 
half -life of ethylmercury were derived from a model 
and not from longitudinal observations of children. 
Although a difference between the half-lives of ethyl 
and methyl mercury is an important finding, directly 
assessing half-life would be more optimal than rely- 
ing on modeled results. 

Although not a pharmacokinetic evaluation, Geier 
and Geier^^'^^ compared the FDA and EPA exposure 
limits with the thinnerosal dose received in routine 
vaccination. They reported an "instantaneous ex- 
cess" of mercury in vaccines on the basis of EPA and 
FDA standards of 3.2- to 32~fold. The data source and 
these calciilations are understandable and reproduc- 
ible. However, they are a nnisinterpretation of the 
EPA and FDA guidelines, which define their refer- 
ence dose as "an estimate of daily exposure to the 
human population (inckiding sensitive subpopula- 
tions) that is likely to be without a risk of adverse 
effects when experienced over a lifetime. "^^ No stan- 
dards exist for an "instantaneous," single-day dosage 
of ethylmercury delivered by intramuscular injec- 
tion. 

DISCUSSION 

The quality and conclusions of 12 original studies 
on the potential association between thimerosal-con- 
taining vaccines and developmental disorders, itv 
cluding ASD, were examined in this review. Results 
of epidemiologic studies can contribute to assess- 
ment of causation but, by themselves, have several 
inherent limitations. Because they are observational 
rather than experimental, differences between study 
populations, multiple potential sources of bias, and 
the effects of confounding all can affect outcome. 
Thus, care in selecting tlie study group, defining and 
measuring exposures and outcomes, and analytic 
methods is crucial in obtaining meaningful results. 
Although consistency of results between multiple 
studies is 1 factor that can contribute to accepting or 
rejecting a causal relationship, a caveat is that only 
high-quality studies should be considered when 
evaluating consistency of findings. The 4 epidemio- 
logic studies that support an association between 
thimerosal expostire and NDDs including autism, all 
by the same authors and using overlapping data sets, 
contain critical method ologic flaws that render tlie 
data and their interpretation noncontributory. The 
retrospective and prospective cohort studies that do 
not report an association, despite some limitations, 
generally were well designed and appropriately an- 
alyzed. Overall, these data support a conclusion of 
no association between thimerosal-containing vac- 
cines and autism in children. 
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In a cohort study that finds no association, it is 
important to assess the study's power to detect a 
significant association, if it existed; none of the 4 
quality cohort publications did so, although they did 
report CIs. Despite large numbers of children or 
child-years of observation included in the studies, 
because some of the measured outcomes were im- 
common, power to detect significant associations 
may have been limited. One can assess the precision 
of a point estimate by CI width. For some analyses, 
the CI may include values that, taken individually, 
could seem clinically important; for example, a 95% 
CI from 0.78 to 1.71 represents a 5% chance that there 
is a 71% increase in the evaluated measure. Although 
this is not statistically significant (P > .05), some may 
believe that it is clinically significant. Conversely, 
when 4 quality studies do not consistently find sta- 
tistically significant associations, an association that 
is found is most likely attributable to chance from 
multiple measures. In this context, although there 
may be a small chance that a clinically important 
association could not be detected by an individual 
study, the failure to detect an association in 4 well- 
designed cohort evaluations and 2 well-designed 
ecological studies supports that there truly is no 
association between thknerosal and ASD/NDDs. 

A limitation in generalizing from the European 
studies to the United States is that total thimerosal 
exposure in the United Kingdom, Sweden, and Den- 
mark were less than the potential maximum dose in 
the United States, and vaccination schedules dif- 
fered; not including influenza, these amounts are 
75 /ig, 75 fjigr 125 fxgr arid 237.5 /xg of ethylmercury, 
respectively. However, a higher earlier exposure 
may be important if a true risk exists. 

The pharmacokinetic studies, although limited by 
small sample sizes and differences in timing of spec- 
imen collection, suggest that blood mercury levels 
postvaccination in human infants are not in the range 
of known toxicity, making neurologic damage from 
thimerosal in vaccines unlikely. One caveat to this is 
that the blood level that could be associated with 
subtle neurotoxicity is controversial and thus makes 
pharmacokinetic studies difficult to interpret. The 
lowest Benchmark dose for a neurobehavioral end- 
point after in utero exposure to methylmercury that 
the National Research Council considered reliable 
was 58 fJbg/L (parts per billion) in cord blood.^^'^^ 
The postnatal threshold for subtle neurotoxicity is 
not known but likely would be greater than the 
lowest Benchmark dose for the more susceptible fe- 
tus. In any case, the highest levels found in these 
investigations are not in this range, although the 
timing of blood draws may not have been optimal In 
addition, the results of the study by Pichichero et 
al,^^ demonstrating differences in the half-life and 
metabolism of ethylmercury and methylmercury, in- 
dicate that extrapolating experience with the latter to 
the former may be itiappropriate. 

Surprising, animal data on thimerosal pharmaco- 
kinetics are sparse. Magos^^-^ compared exposure to 
these 2 types of mercury in rats and found that 
methylmercury is actively transported across the 
blood-brain barrier, whereas ethylmercury is pas- 
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sively transported and is not as^neurotoxic. An ab- 
stract published in 2003 on the pharmacokinetics in 
newborn monkeys also demonstrated a much shorter 
half-life for ethylmercury and lower brain levels.^ 
Although there are anecdotal reports of mercury che- 
lation aiding children with autism, there have been 
no controlled trials, and reports of mercury levels in 
aiatistic children are few. One study reported lower 
mercury levels in the hair of autistic children com- 
pared with control children; although the authors 
hypothesized that the mercury was absent from the 
hair because it was being retained in the brain, no 
evidence was presented to support this assump- 
tion.^^ 

Ecological studies are subject to inherent limita- 
tions of this method. Changes over time in the diag- 
nosis and reporting of autism and other NDDs make 
trends particularly difficult to evaluate. Neverthe- 
less, data from Denmark and Sweden, where expo- 
sure to thimerosal in vaccines was eliminated in 1992 
and where autism rates continued to increase, are 
consistent with the results of the quality cohort shid- 
ies and the pharmacokinetic findings. 

The evidence reviewed here indicates there is no 
association between thimerosal-containing vaccines 
and NDDs, including autism. Determining the cause 
of autism is important for future diagnosis, treat- 
ment, and prevention. However, as the evidence re- 
viewed here suggests, these efforts may be substan- 
tially more productive if they are redirected to other 
hypotheses. Autism research dollars are limited, and 
parents of autistic children deserve to see finances 
directed to where they will do the most good. In 
addition, the evidence reviewed here does not sup- 
port a change in the standard of practice with regard 
to administration of thimerosal-containing vaccines 
in areas of the world where their use is critical, such 
as economically developing countries. Removal of 
thimerosal as a preservative has resulted in the use of 
single-dose vials that are more expensive and in- 
creases the need for refrigerator space and other cold 
chain equipment. In much of the world, these con- 
straints represent a substantial barrier and would 
result in far fewer children being vaccinated against 
serious and life-threatening vaccine-preventable dis- 
eases. It is well documented that unfounded con- 
cerns about vaccine safety can result in decreases in 
vaccination rates, subsequent disease outbreaks, and 
inefficient and ineffective utilization of scarce finan- 
cial and research resources.^^'^^ In the case of thimer- 
osal and autism, a growing body of scientifically 
credible evidence suggests that there may be little to 
be gained from large additional research investments 
and, at a minimum, that it is time that additional 
significant investments in scientific or medical re- 
search related to thimerosal and autism be based on 
credible grotmds that would lead one to believe that 
such investigations will contribute to understanding 
mechanisms that cause ASD. 
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CERVICAL STITCHES ARE INEFFECTIVE 



"A common surgical procedure long believed to help prevent premature births 
is ineffective, a new sh.dy has concluded. The study examined a technique called 
cervical cerclage, used in up to 2 percent of all pregnancies, according to Dr Kypros 
H. Nicolaides of the Kings College Medical School in London, an author of the 
study. The cervix is a sphincter of muscle that holds the fetus inside the uterus in 
pregnancy. Women whose cervixes have been damaged or are shorter tiian normal 
have long been thought to be at higher risk of premature deliveries. In cervical 
cerclage, stitches are mserted to shore up the cervix and give it added strength. Tire 
study, published on June 5 in The Lancet, involved more than 47 000 pregnant 
women in many countries. The women were examined with ultrasound. A group 
of 470 whose cervixes were short enough to put them at risk and who chose to 
participate were randomly assigned to get the procedure or not. Dr Nicolaides said 
the results confirmed that the length of the cervix accurately predicted preterm 
delivery. But the study also found that the cerclage procedure made no significant 
difference in the outcome; 22 percent of the women who had the surgery extended 
their pregnancy beyond 33 weeks, as did 26 percent of the control group." 



O'Neil J, New York Times. June 8, 2004 
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